ABSTRACT. River valleys are areas of transition between aquatic and terrestrial communities, with complex biological structure. As ecotones they have high biodiversity as a result of the occurrence of species with different requirements according to soil moisture. They create ecological corridors, allowing migration of the organisms in human disturbed landscape. With these migration routes, species of foreign origin which spread to a new area also benefit. Numerous alien species are considered as invasive, and described as a threat to biodiversity due to strong competitive abilities. To describe the relationships between a number of invasive species, biodiversity and size of a river, the vegetation of 750 m fragments of the Odra and Dobra river valleys on the area of the Wrocław city were analysed. The comparison of plant communities in the valley of a large, managed river (Odra) and its small tributary (Dobra) was carried out. The plant assemblages, occurring in study areas, determined the habitat conditions on the basis of Ellenberg's indicator values (EIV's), as well as Shannon-Wiener biodiversity index was defined. The designed sites differed according to Shannon-Wiener biodiversity index, as well as soil properties: moisture, reaction, and fertility. In the study side of the Odra river ruderal and scrub species were dominated, whereas in case of study site of the Dobra river -meadows and ruderal species. The invasive plant species occurring in the Odra valley are: Symphoricarpos albus, Solidago gigantea, S. canadensis, Robinia pseudoacacia, Clematis vitalba, Quercus rubra, Reynoutria japonica, Parthenocissus inserta and Echinocystis lobata, and in the Dobra valley: Solidago gigantea, S. canadensis. The analysis of correlation between Shannon-Wiener biodiversity index and share of invasive species revealed statistically significant influence of occurrence of invasive species on biodiversity of plant communities in case of the Odra river.
INTRODUCTION
Gaining new lands by humans began to transport the species outside of their native ranges. They were helped to cross the barrier, which earlier could not be skipped. Introducing cultivation of the alien plants was caused by economic reasons, it allowed to obtain the substances for medical purposes, or it was connected with cultural grounds (gniazDowsKa 2005) . The circumstance, which played the most important role in the whole history of plant species' spread by human, was the discovery of America in 1492. Soon after the discovery of the New World the exchange between continents started. It concerned not only articles, but plant species too (DaJDoK & śliwińsKi 2009 ). It caused, despite of the intentional introduction of plant species, accidental transport of seeds. Many of European species became casual in America, Asia, Australia, and the other way round -species from these continents invaded Europe (to- KarsKa-guziK , DaJDoK 2007 , toKarsKa-guziK et al. 2012 . The change in viewing alien species as welcomed components of the biota to recognizing them as pests and threat to biodiversity has occurred relatively recently. Biological invasions have attracted the attention of scientists only in the last 50 years (PyŠeK & richarDson 2008) . Presently, invasions of alien species and landscape fragmentation are one of most important threats to biodiversity at the global scale (Byers et al. 2002) . These processes are caused by human activity and refer to large areas, leading to changes in vegetation and fauna, as well as economic 90 Magdalena Szymura, Agnieszka Dradrach, Karol Wolski, Sebastian Świerszcz losses. Massively occurring invasive species also contribute to changes in the landscape, both in terms of reception aesthetics and functional changes (szyMura & wolsKi 2006) . The rate and range of widespreading of the invasive species in Central Europe could be explained by changes in land use in post-communist countries in the late 90's. At that time many fields, meadows, and pastures were abandoned, and they created habitats suitable for alien species (KutKowsKa et al. 2006) . Invasive plant species, as stronger competitors displace the native species and take their place in ecosystems (DaJDoK & śliwińsKi 2009) . River areas are the habitats particularly susceptible to biological invasions because they are adjacent to ecological corridors created by river. (gacKa-grzesiKiewicz 2001 , Planty-taBacchi et al. 2001 . Riparian zones appear as key-compartments at the scale of temperate landscapes (forMan & goDron 1986). These ecosystems are defined as ecotones between aquatic and terrestrial ecosystems (gregory et al. 1991, gurnell 1995) . River corridors constitute complex ecological systems. The most important element of these systems is vegetation (taBacchi et al. 1998) . The aim of this study was to assess whether the analysed fragments of large, managed river valley (Odra) and their small tributary (Dobra) differ according to vegetation and share of the invasive plant species.
MATERIAL AND METHODS
The inventory of vegetation of fragments (750 metres) of both: the Odra river valley (site 1) as well as Dobra (site 2) on the area of Wrocław city ( Fig. 1 ) was done.
Fragments of river valleys with similar land use, currently and in the past, were selected. Fragments designed for analysis are placed in the vicinity of a single-family houses estate. Vegetation is mown every few (2-5) years. In the study areas, 20 sampling plots were placed at the same distance (35 meters) from each other and 10 meters from the river bank. On these plots (25 (hothorn et al. 2013) . Subsequently the significance of correlations between: index of biodiversity (S-W), average number of species in releve (N), and average number of invasive plant species (ISp), light conditions (EIV_l), temperature (EIV_t), soil moisture (EIV_m), soil reaction (EIV_r), as well as soil nutrient (EIV_n) was calculated for particular plots. For these purposes the Spearman index of correlation was calculated by testing its statistical significance also using the Monte Carlo methods and package "coin".
RESULTS
In site 1 the occurrence of 140 plant species was noted, among which dominated the ruderal species (Artemisietea vulgaris class), species typical for mesophisous scrubs (Rhamno-Prunetea) and meadows (Molinio-Arrhenatheretea) (Fig. 2) , average number of species in releve was 29 (minimal 9, maximal 47). In site 2 occurrence of 98 species was noted, among which majority were meadow (Molinio-Arrhenatheretea class) and ruderal species (Artemisietea vulgaris) (Fig. 2) , average number of species in releve was 28 (minimal 22, maximal 37). The sites do not differ significantly according to the average number of species in releve (Z = -0.50, p = 0.66).
In site 1 species with highest cover were grasses: Phalaris arundinacea L., Anthoxanthum odoratum L. and Arrhenatherum elatius (L.) P. Beauv. ex J. Presl et C. Presl, there was noted also considerable cover of invasive plant species: Symphoricarpos albus (L.) S.F. Blake and Solidago gigantea Aiton. The most frequently occurring species were: Festuca rubra L., Dactylis glomerata L. and Calamagrostis epigejos (L.) Roth), and among the invasive species -Solidago canadensis s.l. (Table 1 ). In site 2 the highest cover was noted in case of Arrhenatherum elatius, Dactylis glomerata, Phalaris arundinacea and invasive species -Solidago gigantea. The most frequently occurring species were, except (Table 1) .
Invasive plant species occurred in 67% of the analysed plots, with an average cover of 5.3% (from 0 to 27.6%). In site 2 invasive species occurred in all plots, with an average cover of 17.5% (from 0.01 to 62.5%). Due to high variability of values in case of site 2 the differences in average cover of invasive plant species between sites are not statistically significant (Z = 1.28, p = 0.21).
Study sites differed according to biodiversity (Z = -2.57, p = 0.01), the higher value of Shannon-Wiener index was noted in site 1. Light (EIV_l) and temperature (EIV_t) indices are very similar in both sites and do not differ significantly (Z = 1.38, p = 0.18 and Z = -1.06, p = 0.35). Soil moisture (EVI_m) is higher in site 1(Z = -2.01, p = 0.04), as well as soil reaction (EIV_r) (Z = -2.16, p = 0.03) and nutrient content (EIV_n) (Z = -2.43, p = 0.00) (Fig. 3) .
In study site 1 significant correlation between presence of invasive plant species (Isp) and index of biodiversity (S-W), as well as average number of species in releve (N) was noted (Table 2 ). In case of site 2 there was no correlation between occurrence of invasive plant species and biodiversity index (S-W) and number of species. The main factor influencing diversity of plant species was light availability ( Study sites differ significantly according to biodiversity index (S-W). Site 1 has higher value of biodiversity index, than site 2. In the Dobra river valley meadows species dominate, in contrast to the Odra river valley, where frequency of this kind of species was lower than ruderal and mezophilous scrubs species. In this site in phytosociological releves tree and shrub species were noted (Salix alba, Prunus spinosa, Symphoricarpos albus, Quercus rubra). It could be the effect of more advanced stage of succession on the studied fragment of Odra river valley, caused by the lack of mowing this area. Additional effect of cessation of mowing the grasslands, beside of the process of succession, is occurrence of invasive plant (Moroń et al. 2009 ). Analysis of Ellenberg's indicator values (EVI) suggests occurrence of differences in habitat (according to soil moisture, soil reaction, and nutrient content) in the analysed fragments of the valleys of the Odra and Dobra rivers. In case of the Odra river, values of these indices were higher than in the Dobra valley. It could be connected with the size of the Odra river and high number of its tributaries. A large amount of nutrients and pollutants is transported from whole water catchment into the Odra river. It caused e.g. increase of pH value and nutrient content.
Consideration of the environment conditions on the basis of Ellenberg's indicator numbers' values (EIV) meets some doubts. The indicator values were calculated based on the observation of species in different conditions. In addition, indicator values for particular species were given for all area of Central Europe (ellengerg et al. 1991 (ellengerg et al. , DieKMann 2003 . Despite of it, the Ellenberg's indicator values (EVI) are very often used as a source of knowledge about environmental conditions, when the direct measurements are not possible.
Grasslands are habitats which are dependent on repeated disturbances, e.g. mowing. For this reason, as semi-natural habitats they are more suitable for invasion of alien species, particularly in river valleys (Planty-taBacchi et al. 2001) .
Flood disturbances, occurring in the floodplain, which periodically destroy vegetation, are not a sufficient factor preventing the invasion of alien species on these habitats (gerarD et al. 2008) . In order to maintain eligible species composition, grasslands' mowing is necessary. CONCLUSIONS 1. In the analysed fragment of the Odra river valley the ruderal and mezophilous shrubs species were dominated, whereas in the Dobra river valley-meadow and ruderal species. 2. In both sites the most frequent species were grasses: Arrhenatherum elatius, Phalaris arundinacea, and Dactylis glomerata. 3. In the analysed plots in the Odra river valley nine invasive plant species occurred, and in the Dobra river valley two. However, in the second case the share of Solidago gigantea was very high (average 16.8% cover). 4. To avoid the spread of invasive plant species, mowing of inter-embankment areas is necessary.
